We have observed 77 RS CVn and related active binary systems with the VLA at a continuum frequency of 4.86 GHz, and have detected 33 as radio sources above a typical 3 a threshold of 0.2 mJy. Combining our new data with other VLA 6 cm observations of these and similar systems, we bring the total number thus observed to 122, of which 66 were detected on one or more occasions. We have searched for correlations of the radio properties of these systems with various systemic and stellar parameters, e.g., orbital and rotational periods and rotational velocities, and with C iv and X-ray emissions, using a maximum-likelihood technique in order to include the radio upper limits in the correct statistical way.
3 ), while the active subgiant and giant binary systems do show significant correlations of their radio emission on their rotation, with L 6 /L hol -1 for both types of binary. Indeed, the radio emissions of the active giant and subgiant systems have the same (to within the uncertainties) functional dependences on rotation as described by either P rot or v roX , but have different functional dependences on orbital period. This would imply that the binary of these systems does not directly control the extent of their radio emission but, rather, that it is their rapid rotation (which is itself due to the tidal torques induced in these moderately close binary systems) which is the primary determinant.
In addition, we have found significant correlations between the normalized radio luminosity L e /L bd[ and the normalized soft X-ray luminosity L x /L bol of the form L 6 /L bol ~ (L x /L bol ) 1A±01 , based on a subset of 71 systems detected as X-ray sources, and between the normalized radio and C iv X1550 luminosities of the form L 6 /L bol ~ (L c lv /L bol ) 22±03 , based on a subset of 58 systems with C iv emission-line fluxes. Radio emission is thus a good measure for the high levels of activity in RS CVn systems that have previously been inferred from their abnormally strong thermal emission from the chromospheres (e.g., Ca n H and K), transition regions (C iv), and coronae (X-rays) of these stars.
We propose that the close correlation between the low-level (i.e., nonflare) 6 cm emission and the hot component of the soft X-ray emission observed with the Einstein solid state spectrometer is due to both emissions being produced by the same T 7 = 5 X10 7 K thermal electrons. We find that this model explains the 6 cm emission as being thermal gyrosynchrotron emission from an extended halo region with N e ~ 2X10 8 cm^3 and a magnetic field strength B « 200 G. Subject headings: radiation mechanisms -stars: binaries -stars: radio radiationstars: rotation -stars: X-rays
The existence of a number of late-type binary stars with similar orbital and physical properties that share the common characteristic of Ca n H and K emission at levels that are abnormally strong compared with single stars of the same spectral type and luminosity has been recognized for over 30 years (e.g., Bidelman 1954 , Table 12 ). After a number of studies of individual stars, Hall (1976) proposed a phenomenological classification of these "active binary" stars into several related groups, 4 which are often loosely referred to in the literature as the RS Canum Venaticorum stars. In addition to the strong Ca II emission, these systems also typically exhibit strong Ha, X-ray, and microwave emission. At optical wavelengths, the most prominent feature of the RS CVn stars is their periodic photometric variability, which is thought to be due to rotational modulation of the light from the hemisphere facing the observer, as an uneven distribution of large, dark starspots rotates in and out of view. By analogy with the sun, it has been argued that these RS CVn spots are likely a result of strong, localized magnetic fields.
The general concepts of stellar chromospheric and coronal activity have developed by analogy with activity on the surface of the Sun, which shows large temporal variations in sunspot and plage coverage, frequency of flares and associated radio storms, and overall levels of radio and X-ray emission over the course of its major 11 yr cycle. For at least a decade, it has been clear that the typical RS CVn system displays far higher fluxes and variability of X-ray, ultraviolet, and radio emission than the Sun at any point in the latter's cycle, and, accordingly is much more active than the Sun. Specifically, the activity in RS CVn stars is characterized by the following:
1. Extensive coverage by dark (cool) starspots of the surfaces of one or both components ( >20% of the surface area in some cases, as compared with <0.5% coverage for the active Sun), and by large areas of bright plagelike regions (Rodonö etal 1987) .
2. Intense X-ray emission from 10 6 to 10 7 K coronal gas associated with one or both binary components: the ratio of 4 As originally defined by Hall (1976) , the class of RS CVn stars consists of binaries having a main-sequence or subgiant primary of spectral type F or G; a somewhat cooler, usually more massive and evolved secondary star that is typically an early K subgiant; an orbital period ^orb in the range of 1-14 days; and strong Ca n H and K emission reversals visible in their spectra (from one or both components). Hall (1976) delineated two additional related classes of binary systems, also characterized by the presence of strong Ca u emission: (1) the short-period RS CVn binaries (hereafter SP systems), which are detached systems with orbital periods less than 1 day and F or G FV-V primaries, and (2) the long-period RS CVn binaries (hereafter LP systems), which have orbital periods longer than 14 days, and have one component of spectral type G or K and luminosity class IV-II. Linsky (1984) has suggested that the division between the LP and the classical RS CVn groups should be at ^orb = 20 days rather than 14 days, on the grounds that subgiant systems with ^orb < 20 days will be closely synchronized (P rot ~ P orb ) by tidal forces on evolutionary time scales (cf. Zahn 1977) and thus will be rapid rotators. Also, Fekel, Moffett, and Henry (1986) have argued that almost all of Hall's SP RS CVn systems should be regarded as an extension toward earlier spectral type of the class of active K and M dwarfs known as the BY Dra variables (Bopp and Fekel 1977) . Nevertheless, in this paper we will continue to use Hall's original terminology, since that is still the most widely accepted.
X-ray to bolometric luminosity for an RS CVn system can surpass 10" 3 , large compared with a normal cool star like the Sun for which the ratio is ~10 -6 . 3. Enhanced fluxes of all UV chromospheric and transition-region lines in spectra obtained with the International Ultraviolet Explorer (WE) satellite: the ratio of emission-line surface fluxes in a typical RS CVn when quiescent to the quiet Sun values ranges from -10 for chromospheric lines to -100 for transition-region lines. During an RS CVn flare, some of the UV emission-line fluxes are >1000 times the quiet Sun values (e.g., see Simon, Linsky, and Schiffer 1980) . 4. Very enhanced (by factors of >10 4 ) levels of radio continuum emission by comparison with single late-type stars; the high levels of radio flux observed from RS CVn stars are usually attributed to gyrosynchrotron emission from mildly relativistic electrons in their coronae (cf. Owen, Jones, and Gibson 1976; Dulk 1985 ; and many additional papers), although coherent emission mechanisms such as the electroncyclotron maser have been invoked to explain specific events (e.g., Simon, Fekel, and Gibson 1985 , in the case of a flare from the LP RS CVn system AY Cet).
We were motivated to conduct a study of the radio continuum properties of the class of RS CVn binaries by the realization that their (nonthermal) radio emission is a direct manifestation of strong, dynamo-generated magnetic fields in these stars. Indeed, detailed spectral and temporal studies of the radio continuum emission from individual RS CVn stars in the context of the gyrosynchrotron mechanism have yielded estimates of the number densities of energetic electrons and the strengths of the coronal magnetic fields Kuijpers and van der Hulst 1985) . We have chosen the alternative approach of surveying a significant fraction of the known members of the RS CVn class at a single wavelength of 6 cm in order to search for possible systematic dependences of radio emission on the stellar and systemic parameters. Our monochromatic and (mostly) single-observation radio study of the RS CVn systems is therefore analogous to the Einstein X-ray studies of this same class of objects carried out by Walter and Bowyer (1981) and by Majer etal (1986) , which have provided valuable insights concerning the dependence of stellar coronal emission on the rotation rate.
In our 6 cm survey we have restricted our observations to stars which me confirmed or probable members of the three classes of RS CVn binary stars as defined by Hall (1976) . Thus, we have not included any BY Dra dKe/dMe variables (even though some of these are also binary systems), or any of the confirmed FK Comae stars (Bopp and Stencel 1981) , since the absence of radial velocity variations for the latter indicates that these active, evolved stars are probably single (McCarthy and Ramsay 1984) . The radio properties of the BY Dra stars have been discussed by Caillault, Drake, and Florkowski (1988) . A few of the FK Comae stars have been studied at radio wavelengths, including the prototype of the class (e.g., Hughes and McLean 1987) . In a future paper we will compare the radio properties of RS CVn systems with those of the BY Dra and the FK Comae variables. Finally, we have also excluded from our survey interacting binaries such as W UMa (contact) binaries (explicitly excluded from the class of SP RS CVn systems as defined by Hall) or semide-tached systems classified as Algols, which have primaries with spectral types hotter than F.
Beginning in 1983, we have used the VLA 5 to survey the 6 cm emission from confirmed and probable members of the three classes of RS CVn stars mentioned above. We have observed only systems with known periods (either orbital or rotational), since we are interested in determining how rotation influences the radio emission from these systems. Drake, Simon, and Linsky (1985) presented preliminary radio fluxes for 14 systems observed in the early stages of this study; the data presented here supersede those earlier results. Some of our initial results from this program on SP RS CVn systems were published in Drake, Simon, and Linsky (1986, hereafter DSL86) , which presented the results of 6 cm observations of 11 RS CVn binaries, one Algol system, and one W UMa contact binary, all with orbital periods between 0.28 and 1.8 days, in which eight of these 13 systems were detected as radio sources. In this paper we present additional results for 77 definite, probable, and possible RS CVn systems, 33 of which were detected as radio sources. Combining these data with the 11 RS CVn observations from DSL86 and the radio measurement of the LP system a Aur ( = Capella) from , we have a total of 41 6 cm radio sources out of 89 RS CVn systems observed with the VLA. The addition of other 6 cm VLA observations of RS CVn stars from the literature, principally from Morris and Mutel (1988, hereafter MM88) , yields a total of -122 active binary systems for which there is at least one VLA measurement (or upper limit) of the 6 cm flux. Of this number, 66 stars have been detected at least once. Based on these statistics, the RS CVn binaries must comprise a significant fraction of the known radio stars. Even before the inclusion of the new radio sources listed in MM88 and in the present paper, RS CVn stars constituted -18% of the 290 radio stars listed in the 1986 December 3 version of the Wendker (1987) Radio Star Catalog.
To summarize, the primary purpose of our study was to undertake a highly sensitive (3 a -0.2 mJy) 6 cm census of a large sample of the known RS CVn stars north of -45° declination. Since we observed 90% of the sample only once, the detection of variability per se was not the primary goal, although when our observations are combined with data from other similar studies (e.g., Mutel and Lestrade 1985; MM88) , the number of systems with multiple observations increases considerably. From examination of the data for those systems with multiple observations, we conclude that radio variability is the norm, in agreement with earlier findings , so that "quiescent" radio emission levels may not be particularly well defined for the RS CVn systems. This is not surprising, since similar levels of variability are observed in the coronal X-ray emission from these systems, and some variability is also present in the strengths of the Ca n H and K and other UV emission lines. As part of the analysis of the radio data, we have performed a statistical study of the radio properties of the RS CVn stars and the dependence of 5 The VLA is a facility of the National Radio Astronomy Observatory, which is operated by Associated Universities, Inc., under cooperative agreement with the National Science Foundation. the coronal radio emission on fundamental stellar parameters such as the rotation rates. We have also correlated the radio emission with the stellar X-ray emission, using data from Walter and Bowyer (1981) and a number of other sources, and with the C iv transition-region emission measured with the IUE satellite by Basri, Laurent, and Walter (1985) , Simon and Fekel (1987) , and Simon, Drake, and Bookbinder (1989) .
II. OBSERVATIONS Our 6 cm observations were obtained over a 3 yr period with a variety of different VLA array configurations, which are listed in Table 1 . The center of each field was displaced several beamwidths from the known optical coordinates of the target to avoid phase-center artifacts due to dc offsets, truncation errors, and the like. The data were flagged and calibrated with the standard DEC-10 computer reduction programs, and the resulting u-v data base was then analyzed with the NRAO AIPS software. Dirty maps were made for each stellar field, and, for those fields that contained significant radio sources, "clean" maps were also produced. High-quality optical positions of subarcsecond accuracy are available for most of the stars in the survey. In each radio map, this stellar position was searched for the presence of any significant radio emission. The size of the search box within which a radio source must lie for it to be considered associated with the RS CVn system is a function of the combined uncertainties in the radio and optical positions. The optical positions are, in most cases, accurate to within 1". In general, the accuracy of the radio positions is also <1", except for observations made in the D array, for which the FWHM of the radio beam is -9" and the uncertainty in identifying the position of a weak source is typically -2"-3". 1  1983 July 30  D->A  D  2  3  4  5  6  7  8  9  10  11  12  13  14  15  1985 Jan 17  A  A  16  17  18  19  20  21 a The "effective array" configuration is the standard array configuration that corresponds most closely to the actual configuration of the VLA, which was nonstandard for many of these observing runs. Andersen et al. 1984. (14) See Hall and Persinger 1986. a For a spotted star P phot = P rot if one spot (group) is present, but P phot = P rot /2 if there are two spot groups 180° apart in longitude. For an ellipsoidal variable, on the other hand, ^phot = -Porb/2-
The results of our survey are given in Table 2 , where we present the observed 6 cm fluxes or 3 a upper limits to the fluxes for a total of 77 systems Usted in order of increasing orbital period. Most of the columns in this table are selfexplanatory. The number in the column headed "Observing Run" indicates the observing date and VLA configuration Usted in Table 1 . In the final column, discrepancies between the radio and optical positions >1" for observations made in the A, B, or C arrays, or >3" in the D array, are flagged with the notation "Pos"; afl such cases are discussed individuaUy in Appendix A. Similarly, the notation "Con" appears in the final column of Table 2 if there are confusing radio sources in the immediate VLA field; further details are given for all such fields in Appendix B.
III. RADIO PROPERTIES OF THE RS CANUM VENATICORUM BINARIES
For the purpose of completeness, we have supplemented our radio observations of RS CVn binary systems with additional VLA 6 cm data from the pubUshed Uterature. We have restricted the sample to observations at only one frequency, because otherwise we would have to assume values for the radio continuum spectral indices which are, in general, not known. The existing, rather fragmentary data on this question indicate that no simple assumption is possible, since the ratio of fluxes measured at different wavelengths varies from star to star, and, for a given star, varies with time. We have chosen to limit our consideration to VLA observations because the high DRAKE, SIMON, AND LINSKY Vol. 71 910 angular resolution and high sensitivity of this telescope both minimize the chance of source confusion and maximize the likelihood of detection of weak sources (as weak as 0.1 mJy). We exclude the extensive previous single-dish studies of RS CVn and related binary systems because a data base combining these two very different types of data would be difficult to analyze properly. In particular, except for the very nearest RS CVn systems, single-dish observations, which might have a typical detection threshold of 10 mJy, will normally yield detections only of strong radio flares, which occur infrequently, and many of the published single-dish observations of RS CVn systems have, in fact, concentrated on detecting such flares by long-term monitoring of selected stars. On the contrary, we have devoted our efforts in our VLA program to sampling a large number of stars, and thus would generally not expect to catch a given star at most active level. Consequently, among the 87 separate observations (including 41 separate detections) of the 77 RS CVn systems listed in Table  2 , we have only two detections >20 mJy (X And and DR Dra) and one more in the range 10-20 mJy (DR Dra on a different occasion), i.e., that are at flux levels easily detectable by single-dish radio telescopes. Thus, we have chosen to exclude all non-VLA data from the present data base.
Our complete compilation of radio data thus includes the observations of 77 systems from § II of this paper, along with similar data, primarily from the studies of MM88, Mutel and Lestrade (1985) , DSL86, Florkowski et al. (1985) , and Pallavicini, Wilson, and Lang (1985) . These data are listed in Table 3 together with data on other relevant stellar properties, such as spectral type(s), orbital and rotational periods, P orb and P rot in days, distances D in parsecs, visual magnitudes K, bolometric and X-ray luminosities L bol and L x in ergs s -1 , and the radii of the active component R^/Rq. Most of the optical data are from Hall, Zeilik, and Nelson (1985, hereafter the Hall catalog) or the more recent compilation of Strassmeier et al. (1988) . We list no more than six individual radio fluxes for any given stellar system, although a handful of well-observed systems (e.g., V711 Tau and UX Ari) have much more extensive radio data: for such cases, we have selected the minimum and maximum observed values, as well as several representative intermediate values. If several radio nondetections are available for a particular star, we have adopted the most sensitive upper limit; e.g., for 33 Psc we list our 3 a upper limit of 0.22 mJy in preference to the 0.9 mJy upper limit of ML85. Because there is a fair amount of overlap in the samples of stars taken from the references cited above, the total number of confirmed or probable RS CVn binaries with sensitive 6 cm VLA radio data is 122; 66 of these have been detected at least once at flux densities ranging from 0.2 to -200 mJy. Two or more observations are available for -40% of the sample (50 systems), while -15% of the sample (19 systems) has been particularly well studied, with three or more observations. Because RS CVn radio emission is subject both to occasional large flares having amplitude enhancements of 2 orders of magnitude and typical time scales of hours to weeks (although individual structures within flares with time scales of <10 minutes have been identified), as well as low-level, near-continuous variability by factors of 2-10 (which may, of course, be a superposition of many overlapping small flares), defining a constant quiescent emission level does not, in general, appear to be possible. We have therefore chosen to characterize the radio flux by a geometric-type mean, viz., 1 " <5' 6 >=10 1 , where i? = -£ log 10^, 71 /' =1 and we use this flux density (except where otherwise specified) to calculate the mean radio luminosity (L 6 ). (Notice that, for compactness of notation, we henceforth will omit the angle brackets from the symbol for the mean radio luminosity.) This definition reduces the bias in the average that results from fluxes fortuitously measured during radio flares. For those stars having both detections and nondetections at levels below their detection levels, we have combined the data to form an average in the same manner, but treating the 3 a upper limit as if it were a detection at that level. In fact, using a different measure of the radio flux, such as a straight arithmetic mean, or a minimum, or even a maximum flux ever observed, would not materially affect any of the statistical results discussed in this paper, since approximately two-thirds of the systems were observed only once. According to previous estimates of the radio luminosity distribution function (e.g., Feldman 1983), our (S 6 ) should approximate the median level of emission. The median radio luminosities for UX Ari (log L 6 =17.08) and AR Lac (log L 6 =16.20), which Mutel etal. (1987) have estimated from 20 and 12 individual VLA observations, respectively, do agree closely with our mean log L 6 values of 17.08 (UX Ari) and 16.30 (AR Lac).
In the discussion of various correlations below, we make use of the radio luminosity L 6 , the related quantity L 6 /L bol , where L bol is the combined bolometric luminosity of both components, and the 6 cm brightness temperature T b . To calculate L 6 requires knowing the distance D to each star, while to compute T b requires an estimate of the angular diameter <f> of the source region. The quantity L 6 /L bol requires knowing neither D nor <£>, and thus is probably the most reliable of the parameters characterizing the radio emission. The 6 cm monochromatic luminosity L 6 is given by L 6 =1.20x 10 12 *S 6 D 2 , where L 6 is in ergs s -1 Hz -1 when S 6 is in mJy and D is in pc. We can calculate T b from the standard radio-frequency definition (e.g., Dulk 1985) as applied to observations at 4.86 GHz, T b = 7.45 X 10 7 S 6 <i> -2 , where T b is in kelvins when S e is in millijanskys and ^ is in milliarcseconds. Notice that this implies that a 6 cm radio source of 1 mJy with a 1 mas angular diameter has a brightness temperature of 7.45 XlO 7 K. In this study we have assumed that the radio emission of the RS CVn systems originates from a region of surface area equal to the combined surface areas of both components, rather than just the surface area of the active component. This is by no means the only plausible assumption that could be made about the spatial size of the radio source, mostly because few high spatial 0 Notice that T h is directly proportional to the surface flux: to be precise, the 6 cm surface flux F e in ergs s -1 Hz -1 cm -2 is given by F 6 = 1.70X10" 9 S 6 <f>" 2 , when is in millijanskys and <#> is in milliarcseconds. K3 Fe +K7 Ve F8 V + A7 IV G5 F + ? F4IV-V+ KO IV sgG2 + sgKO Lestrade et al. (1985) have obtained VLBI observations of eight RS CVn systems, and their best data (for UX An) show evidence for two components of nonflare microwave emission: an unresolved core source smaller than either stellar diameter and a well-resolved "halo" of dimensions similar to the binary separation that produces -80% of the emission. Our assumption on the source size, then, is intermediate between the two spatial scales identified by Lestrade et al. (1985) .
No. 4,1989 RADIO CONTINUUM EMISSION IN RS CVn STARS
Thus, to calculate T b for the RS CVn systems, we need to have either direct measurements of the stellar angular diameters or accurate F-magnitudes and (V -R) colors for the individual component stars so that their angular sizes can be inferred using the Bames-Evans relation (Barnes, Evans, and Moffett 1978) . Neither of these two types of data is available for a large fraction of the stars listed in Table 3 , so that we have instead derived our estimates of the angular diameters using the values of the stellar radii R* and distances D in the standard relation <¿> = (9.30 mas)(R 3|e /R G )/D. About 30% of our sample are eclipsing binaries with radii listed in the Hall catalog. For the remaining 70% we have estimated plausible radii from their luminosity classifications. To be consistent with our previously stated assumption for L bol , we have assumed the source size to be r = (/-c 2 -b /¿ 2 ) 1/2 , where r c and r h are the radii of the cool and hot components, respectively.
As for estimating the distances to the RS CVn systems, since only a handful of them have accurate trigonometrical parallaxes, we have usually relied upon spectroscopic parallaxes, using the calibration of MK spectral types and luminosity classifications in terms of absolute visual magnitude given by Corbafly and Garrison (1984) and Straizys and Kurihene (1981) . Because the typical separation between luminosity classes is -2-3 mag, we estimate an error of -0.5-1 mag in the absolute magnitudes assigned. In addition, the apparent magnitude may be affected at the level of several tenths of a magnitude by observational inaccuracy, photometric variability, and, for the more distant systems, interstellar reddening. If we adopt a combined uncertainty in the distance modulus of 1 mag, the uncertainty in the distance is 20% and the inferred luminosities are uncertain by about ±40%. We have checked our distances with those given in the Hall catalog: for 15 systems chosen at random, the average difference between the two estimates is 0±26 pc, consistent with the above uncertainty estimate. In addition, for 29 of the eclipsing systems that have radius estimates, we have compared the bolometric luminosities L bol calculated from our spectroscopic parallaxes, observed visual magnitudes, and adopted bolometric corrections with those inferred from the radii and the standard calibration of MK spectral type against effective temperature. There was an average difference in log(L bol /L 0 ) of -0.14 + 0.34, which implies that there is no systematic offset in our distance scale in excess of our previous uncertainty estimates. In six cases for which the discrepancy is considerable, we have adopted a distance estimate that is intermediate between the spectroscopic and radius-based values.
We have used the total bolometric luminosity for each system as the factor by which we normalize the radio luminosity, since the former quantity is generally more reliably known than the luminosities of the individual components. It could also be argued that the bolometric luminosity of the star identified as the "active" component in each RS CVn binary might be more appropriate, if one could assume that the 914
Vol. 71 DRAKE, SIMON, AND LINSKY observed radio emission can be entirely ascribed to this star. In practice, there is little actual difference between these two contrasting assumptions, either because the active component is also the most luminous star (generally true for the classical and LP RS CVn systems) or because both components are active (typically the case for the SP RS CVn systems).
IV. STATISTICAL ANALYSIS OF THE RADIO EMISSION
In carrying out an analysis of the radio observations that we have assembled, an important consideration is how to handle properly the large percentage (46%) of cases where we have only upper limits to the radio emission. We obviously cannot ignore such data, since this would introduce a strong bias into the analysis. Treating nondetections as, let us say, directions at the 2 a level, while somewhat less arbitrary, would remove the bias due to exclusion of these data but would introduce a distance-dependent bias in its place: if we suppose that all the observations have the same rms error, then this would result in our assigning a luminosity of an undetected system at 300 pc that is 100 times greater than that adopted for an undetected system at 30 pc.
Fortunately, during the last several years advanced statistical methods applicable to "censored" data (i.e., a data set containing numbers which are upper or lower limits) have been adapted to a wide range of astronomical problems (see Isobe, Feigelson, and Nelson 1986; Schmitt 1985) . We refer the interested reader to these papers for detailed discussions of these statistical techniques and the potential biases that can affect the fits obtained using such methods. In this study, we have made use of a computer code incorporating an iterative, maximum-likelihood (ML), linear regression procedure known as the EM (expectation maximization) algorithm, which was originally written by Wolynetz (1979) and later modified by T. Isobe and E. D. Feigelson (1985, private communication) . The EM algorithm is a general approach to the problem of finding a maximumlikelihood estimate for a censored data set. The particular form of the EM algorithm that we have applied to our data assumes that the functional form of the distribution of the ordinate values about the regression line can be represented by a normal distribution. An alternative version of the EM algorithm employs a nonparametric estimator of the actual distribution function rather than an assumed form for the distribution. This more rigorous approach does have disadvantages, such as possible nonuniqueness of the solutions and the lack of a completely self-consistent means of estimating errors. We have thus used the EM algorithm with an assumed normal distribution, which has the merits of being computationally simple and of reducing to the usual least-squares method in the limit when there are no censored data. The procedure is an iterative one in which the values originally represented by upper limits are replaced by estimates of the "true" values, which are then used to find improved values for the least-squares coefficients, and the process is continued until a specified level of convergence is reached and converged estimates of the regression coefficients and their standard errors can be obtained. To summarize, the ML analysis does a linear least-squares fit to the data and includes a statistically proper treatment of upper limits for those data points for which definite values are not available.
In addition, we have also developed and used a "generalized" least-squares fit (hereafter GLSF) procedure, which finds the best linear fit to a bivariate data set in the case when both variables have uncertainties (Lindley 1947; Madansky 1959; . This differs from the usual standard least-squares fit (SLSF) method, which assumes that the observational errors are solely in the dependent variable. An intrinsic limitation of the GLSF method, however, is its inability to handle censored data correctly. We make particular use of the GLSF method in order to compare the radio data for the RS CVn stars with the available X-ray and C iv data, since there is no a priori reason to assume that the radio measurements are any more or less accurate than the latter.
Before examining the various factors with which the radio emission of RS CVn systems may be correlated, it is of interest to see what the distribution of log L e values is for the entire sample and also for subsamples containing limited ranges of periods. In Figure la we show the histogram of this distribution for the entire sample of 122 systems. The average value of log L 6 is 16.17 + 0.78 for the 66 radio-detected systems; if we treat upper limits (denoted by dashed lines in the figure) as if they were detections at the same levels, the mean for the entire sample becomes 15.93 + 0.87, which is only E B to CO c > o CO cr CD _Q E 3 Fig. 1 .-Distribution of RS CVn systems as a function of the observed log L 6 values. The histogram with the solid outline is the distribution of radio-detected RS CVn systems, and the solid vertical line marks the mean log L 6 value for this limited sample, (a) The histogram with the dashed outhne is the distribution of all RS CVn systems observed with the VLA, where nondetected systems have been treated as if they were detections at the 3 a level, and the dashed vertical line marks the resultant mean log L 6 value, which must clearly be an overestimate of the true value, (b) The dashed histogram is again for the entire sample of radio-observed systems, except that in this case the ML estimates of log L 6 obtained from the log L 6 vs. log ^orb correlation have been used for the nondetected systems. The dashed vertical line again marks the mean log L 6 value for the entire sample, while the dotted vertical line marks the mean log L 6 value for only the nondetected systems. negligibly different from the mean for the detected systems. These values agree well with the value of 16.4 + 0.9 obtained by MM88 for 53 radio-detected systems in their sample. As MM88 point out, such an average is an overestimate of the true value because of the biases inherent in a flux-limited sample. As we have already discussed, we can obtain, from the ML analysis, estimates of the "true" values of the 6 cm luminosities for those systems with only radio upper limits, and then construct a revised luminosity distribution from which an estimate of the "true" mean 6 cm luminosity can be derived (see Fig. lb) . Note, however, that these ML estimates vary as correlations with L 6 of different variables are attempted. If we use the L e estimates from the ^orb ^6 analysis, we infer an average log L 6 value for the 56 systems with radio upper limits of 14.5 + 0.5; the mean for the entire sample becomes 15.4 + 1.1. On the other hand, if we use the L 6 estimates from the L x -L 6 analysis, we obtain a similar mean of 15.7 + 1.2 for the 71 X-ray-detected systems (of which 26 systems not detected at 6 cm are represented by ML estimates). These estimates of the "true" mean 6 cm luminosity of RS CVn systems agree fairly well with that of <15.6 estimated by MM88.
We now consider in turn correlations of different quantities with the observed radio emission in order to determine the functional dependence of this emission upon other observables and atmospheric parameters. a) Correlation of Radio Emission with Rotation Because surface activity of rapidly rotating, deeply convective stars is thought to be governed by a magnetic dynamo, perhaps the most obvious parameter to use as an independent variable in a correlation analysis is the stellar rotation rate. However, there is a practical difficulty in doing this for the present sample of stars, in that rotation rates have not yet been determined for 46 of the systems. In many systems, particularly those with orbital periods less than 20 days, the stars almost certainly rotate synchronously because of tidal coupling (Zahn 1977) , and hence P rot = P orb . Another problem in using rotational periods is the factor of 2 uncertainty in P rot for those systems where P phot « P orb /2, which occurs, for example, when there are two large starspots on opposite hemispheres of the active component, and also for the systems which are ellipsoidal variables (see Morris 1985 for a review of the latter, rather inhomogeneous group of binary stars). Of the 77 stars for which new radio observations are presented in this paper, 13 are flagged in Table 2 as being confirmed or possible ellipsoidal variables on the basis of their having P ph ot * Porb/^ with UU Psc being the most well-studied system. We note that, of the 13 confirmed or possible ellipsoidal variables in Table 2 , only one was found to be a radio source, a much lower detection rate than that of the other 64 binary stars, of which 32 were detected. As discussed in the footnote of In practice, as we will show, for most of the correlations it makes little difference whether we use ^orb or P rot , since very few ( -14) systems are known to be asynchronous by more than -10%, although many are slightly asynchronous, presumably because stellar rotation rates vary with latitude across the stellar surface. (The solar rotation rate inferred from measurements of the heliographic longitudes of sunspots is about 10% slower at latitudes of +45° than at the equator; Allen 1976.) Since we are comparing the radio emission properties of binaries whose orbital periods range from -0.5 to in excess of 100 days, which is a range of more than 2 orders of magnitude in rotation rate, only if there were a significant number of asynchronous systems would the use of P rot instead of ^orb make any material difference in the correlations we derive.
In Figure 2 we have plotted on a log-log scale radio luminosity L 6 against the orbital period P orb for the 122 systems listed in Table 3 ; for systems with multiple detections, the vertical line shows the range of the observed luminosity, and the plus sign marks the mean log L 6 value. For systems with only one observation, a plus sign indicates the inferred log L 6 value for a detected radio source, while a diamond marks the log L 6 value corresponding to a 3 a upper limit for RS CVn stars which were not detected. There appears to be no significant correlation between the two variables in this plot, which looks like a scatter diagram, since, at any orbital period, there is a range of -3 orders of magnitude in the observed radio luminosity. If we exclude the point for the weak radio emitter a Aur, which has log L 6 = 13.8, for which have argued that the radio emission is probably bremsstrahlung (nonmagnetic) emission from coronal thermal electrons, and hence is qualitatively different from the mechanism producing the radio emission in other RS CVn stars (which is predominantly gyrosynchrotron emission from the magnetized coronal plasma), then the typical 6 cm luminosities for radio-detected RS CVn '09 Port Fig. 2. -Plot of log L 6 versus log ^orb for the entire sample of radio-observed RS CVn systems. RS CVn systems with multiple detections at different levels have vertical lines marking the observed luminosity ranges and tick marks showing the adopted mean values as defined in the text; singly detected or multiply detected but nonvariable systems have plus signs marking the observed luminosities; and nondetected systems are indicated by the arrow symbols at the luminosities corresponding to the observed 3 a upper limits to the 6 cm fluxes. Vol. 71 DRAKE, SIMON, AND LINSKY systems fall in the range 14.5 < log L 6 < 17.5. In Table 4 we show the average log L 6 values for the systems separated into five ranges in orbital period. It can be seen that the highest mean values and the largest fraction of radio-luminous systems fall in the midranges of periods with 2 days < P orb < 40 days, but that the largest difference in the mean log L e values is only -1 a and is thus marginally significant. Aside from this weak trend, the absence of any strong dependence of radio luminosity on period is remarkable, given the range of ~ 10 3 in the bolometric luminosities and hence surface areas (since the effective temperatures vary only slightly) of these systems. In fact, as is well known (Rengarajan and Varma 1983; MM88), there is a strong correlation between orbital period (or, equivalently, semimajor axis) and bolometric luminosity for RS CVn systems; for the present sample, the correlation coefficient of a log-linear fit of the form log(L bol /L 0 ) = a + 6 log P orb is +0.72, with a slope b = 0.79 + 0.07. We show the data points and this fit (shown as a long-dashed line) in Figure 3 ; in this and subsequent figures, we separate the systems into three subsets according to the luminosity class of their active components: subset (i) consists of 42 binary systems (labeled by the symbol 3 in the figures) with active components that are giants of MK luminosity class III; subset (ii) consists of 47 binaries (indicated by 4 in the figures) with active subgiant (MK class IV) components; and subset (iii) consists of 33 systems (indicated by 5 in the figures) with active dwarf (MK class V) components; we also show the log-linear fits (labeled III, IV and V) for each of these three subclasses separately. It is clear (and not unexpected) that, for a given luminosity class, there is little dependence of bolometric luminosity on orbital period.
To quantify our previous statement about the "obvious" lack of a correlation between L 6 and ^orb> we now apply the statistical tools discussed earlier in this section. We summarize in Table 5 all the slopes, errors, and correlation coefficients for this and all the other regression curve fits that are described in this section of the paper: Table 5A lists these quantities obtained from fitting all systems regardless of luminosity class, while Tables 5B, 5C , and 5D list these quantities for the giant, subgiant, and dwarf active star subsets, respectively.
If we treat radio upper limits as detections at that same level, a standard least-squares fit of the form log L e = a + Fig. 3 .-Plot of logCL^/L©) vs. log P orb for the entire sample of radio-observed RS CVn systems, where the symbols 3, 4, and 5 refer to the luminosity class of the active star for each plotted binary: 5 for dwarf stars (luminosity class LV-V or V), 4 for subgiant stars (class III-IV or IV), and 3 for giant stars (class II, II-III, or III). The thick dashed line marked S is the SLSF fit to all of the systems regardless of luminosity class, while the other fines marked III, IV and V are the separate SLSF fits to the three luminosity class subsets. b\ogP (i.e., a log-linear fit) to the entire sample yields a slope Z> = 0.07 + 0.12(s.e.), shown as the dashed line marked SLSF in Figure A a. The linear correlation coefficient of this fit, r = 0.06, confirms the lack of correlation. If we perform the ML analysis taking proper account of the upper limits, we derive a slope of -0.16 + 0.18, shown as the thick solid line marked ML in Figure 4a , again indicating that there is no significant correlation between these two quantities. If we replace ^orb with P rot , the rotational period, and assume synchronous rotation for those systems without measured rotation periods, then we obtain from the ML log-linear fit of L e versus P rot for the entire sample a slope of -0.10 + 0.18 (see Fig. 5a ). This is consistent with our earlier assertion that there are too few asynchronous systems in our sample to make the results of correlations with P rot significantly different from those obtained using ^orb-In contrast to our findings here, Mutel and Lestrade (1985) obtained an ML slope of -0.9+ 0.3 in a plot of log L 6 (maximum) versus log ^orb ' using a smaller data set and ignoring systems with ^orb < 2 days. We can find no support for such a strong trend in our data: the ML slope of a log-linear fit of the maximum values of L 6 versus ^orb for our complete data set is essentially the same as that found from the log-linear fit of the "median" L 6 values versus ■orb* Perhaps if Mutel and Lestrade had not excluded the shorter period systems, their analysis would have given a shallower slope and resulted in no significant correlation, in agreement with out findings here. In contrast to their other result mentioned above, MM88 obtained a marginal positive correlation (r = 0.29 + 0.14) between rotational period and median radio luminosity for 45 radio-detected RS CVn systems. If we likewise impose a similar restriction in our No. 4,1989 RADIO CONTINUUM EMISSION IN RS CVn STARS 917 -Plot of (a) log vs log ^orb for the entire sample. The luminosity class of the assumed active component in each system is indicated as in Fig. 3 . For detected systems the number code is situated at the mean value adopted, while for nondetected systems the number code lies at the luminosity corresponding to the observed 3 a flux upper limit, and the vertical line extends down to the ML estimate for the radio luminosity. The log-linear ML regression lines are indicated separately for the entire sample (the solid line marked ML) and for the three luminosity class subsets (the lines labeled III, IV, and V). The SLSF regression line to the entire sample is shown as the dashed line marked S. (b) Same as in (a), except that the ordinate scale is log(L 6 /L bol ). Fig. 5 .-Plots of (a) log L e vs. log P rot and (b) log(L 6 /L bol ) vs. log P rot , for the entire sample, with all symbols and lines as described in Fig. 4 .
analysis by including just the 66 systems that have been detected as radio sources (on at least one occasion), we do find a very marginal correlation between L 6 and ^orb ' with a slope b = 0.24 + 0.16 and a linear correlation coefficient of 0.19. This slope differs by 2.5 a from the slope of -0.16 + 0.18 obtained by the ML analysis applied to all 122 systems. We would therefore argue that the post facto omission of 50% of the (undetected) stars in the sample is responsible for this weak trend noted by MM88, rather than the correlation between L bol and ^orb as they suggested. Stewart et al. (1988) have argued that there are correlations between microwave luminosity and rotational period for subsets of the RS CVn stars that are segregated according to the luminosity class of the active component. They find parallel dependences of the form L v -P~J for the peak 8.4 GHz luminosities for each luminosity class subset of their sample of 51 active stars, with offsets in log L v of -2.5 between the three separate correlations. To investigate whether we can find any evidence for this type of trend in our data, we have similarly divided our larger sample up into three subsets and have done separate regression analyses on these subsets. We show the results of our analysis in Figure 5a . The ML fits for the subgiants and giants are very similar, and the derived power-law slopes are both 1.0 (see Table 5 ). The close agreement is perhaps somewhat fortuitous, since the slope of the regression line for the giants has large formal errors of +0.64. In contrast to the evolved systems, however, the ML slope for the 33 dwarfs is much shallower (-0.39 + 0.38) than that of the other two subsets. The formal errors in the slopes of the fits for the subgiants ( + 0.31) and for the dwarfs (+0.38) indicate that the difference in the slopes is statistically significant at a level of -2 a. Thus, the radio emission of active dwarfs does appear to have a different functional dependence on rotation than that of active evolved stars. Note, however, that we do not confirm the clean separation between luminosity classes found by Stewart et al. (1988) , nor are the slopes of -0.4 to -1.0 similar to the -3.0 value they found. The difference between the results of the two studies is Vol. 71unlikely to be due to the slightly different radio frequencies used; we beheve that it is probably related to their use of peak (flaring) luminosities, and their fairly high flux threshold for detection compared with our use of mean luminosities and our much higher sensitivity.
Because the bolometric luminosity L bol increases with ^orb> while L 6 is independent of ^orb> the ratio L 6 /L bol , hereafter referred to as the "normalized" radio emission, actually decreases with increasing orbital period. (Note that, since the range of effective temperatures of the RS CVn systems is small, L bol a R 2 7^f -R 2 for this sample, and so the quantity L 6 /L bol is very like a surface flux in this case.) Thus, an ML analysis of L 6 /L hol versus ^orb has a significant anticorrelation with a slope b = -0.92 + 0.16. As shown in Figure 46 , the scatter about this regression line is quite large, with individual deviations of up to 2 orders of magnitude in L è /L hol . The relative flatness of the observed L 6 /L h(A values for P OTh <10 days, and the decline toward longer orbital periods, suggest that alternative forms of regression curves might be considered. Thus, we have also fitted the data using the ML technique with a lognormal representation of the form y = a' + b'x, where y = log [log (10 23 L 6 /Z bol )] and x = (logP orb + c') 2 . A fit of this type was used by Simon and Fekel (1987) to model the C iv surface fluxes of active systems as a function of rotation period. We have performed two lognormal ML regressions, one with c' = 0.5 (the value adopted by Simon and Fekel) and the other with c' = 1.5. These curves are shown as the dashed and dotted lines, respectively, in Figure 6 . The differences between the three analytical fits are obviously small compared with the scatter of the radio data, and so we find no reason to prefer the lognormal representations to the log-linear one on the basis of the present data.
Following the analyses of Pallavicini et al (1981) and of Basil, Laurent, and Walter (1985) , we have also investigated whether a more appropriate measure of rotation is theTotational velocity v roi of the active star, and thus we have log P orb (days) Fig. 6 considered the dependence of radio luminosity on v xoV (Note that we indicate in Table 3 which binary component we regard as the active star by italicizing its spectral type.) By combining the measured rotational period with the estimated radius of the active component, we can calculate an appropriate rotational velocity for each system from the standard relation i; rot = (50.6 km s _1 )(R 3|t /R G )(P rot /days)~1. The velocities range from ~1 km s -1 to -230 km s -1 , with the majority of the values between 5 and 100 km s -1 . The radio data and the ML fits to the relation log L 6 = û + b log *; rot are plotted in this form in Figure la . It is evident from this figure that there is not a single radio detection of any star with y sin z < 5 km s -1 . Bopp and Fekel (1977) have argued that dK and dM stars rotating faster than 5 km s' 1 show evidence of flaring, emission lines, and large cool starspots (the "BY Dra syndrome"), while those rotating more slowly than this critical value lack these signs of activity. Our radio data would seem to indicate that there is a similar critical velocity for the generation of radio emission by the active components of RS CVn systems. Additional support for a critical rotational velocity for stellar activity has been Fig. 7 Fig. 6.-Plot of log (L 6 /L bol ) vs. log P orb for the entire sample, with symbols as described in Fig. 4 . The solid line is the (standard) log-linear ML fit to the data. In addition, two lognormal ML fits to the data are also shown; the line with short dashes has c^l.5, while the line with long dashes has c' = 0.5. (See text for further details.) The detected system well separated from the other RS CVn radio sources in the bottom right-hand comer of the diagram with log ^orb ~ ^ is Capella ( = a Aur). Fig. 7 .-Plots of (a) log L e vs. log v toX and (6) log(L 6 /L bol ) vs. log u TOt , for the entire sample, with all symbols and lines as described in Fig. 4 .
given by Gray (1986) , who argues that the dynamo in evolved cool stars controls their rotation rates so as to produce rapid spin-down until a rotation rate of ~ 5 km s _1 is reached, at which point the strong dynamo effectively turns off
The ML log-linear fit to the L 6 versus v TOt data for the entire sample yields a positive correlation between these quantities with a slope of 1.00 + 0.29, which is significant at a level of -3.5 a (This is less steep than the slope of 2.0 found by Pallavicini et al 1981 for the dependence of L x on v sin z, as we shall discuss in more detail later.) This is at first sight surprising, considering that, as we have already demonstrated, no correlation exists between L 6 and P rot . In fact, most (if not all) of the dependence of L 6 on v rot is the result of the radio luminosity having a dependence on the radius of the active star: an ML log-linear fit of L 6 with R* gives a slope of 0.70 + 0.27, which differs only by 1 a from the ML slope in the L 6 -v TOt plane. Fleming (1988) has similarly explained the observed dependence of the X-ray luminosity L x of active stars on v sin z as being the result of a correlation of L x with radius.
If we examine the dependence of L 6 /L hol on rotational velocity using the ML technique, we find a slope of 1.39 + 0.29, somewhat steeper and more significant than the slope obtained for L 6 (see Fig. lb) . Thus, this result implies that the larger the rotational velocity of an RS CVn system, the greater the fraction of L bol that appears as radio continuum emission at centimeter wavelengths. For a typical frequency bandpass of 10 GHz, the most active systems emit -10" 7 of their total energy in the 1-10 GHz region, compared with a fraction of -10" 2 2 in the soft X-ray band from 0.2 to 4.5 keV. If we look at the correlations for the three different luminosity class subsets, we see that the slopes for the giant and subgiant subsets are very similar but that, for a given rotational velocity, L 6 /L bol of a giant system is an order of magnitude less than the value found for a subgiant system. This is a probable indication that the linear rotational velocity is not an appropriate parameter with which to characterize the functional dependence of the radio emission of the RS CVn binaries, since most of this offset is not present in the plot of L 6 /L bol versus Ploceo" 1 , where co is the angular rotational velocity; in other words, since v TOi = coP*, the separation of the giants and subgiants is due (to a large extent) to the typical giant radii being 4 times bigger than the subgiant radii.
We have also examined the correlation of the surface fluxlike quantity the 6 cm brightness temperature (defined in § III), with the orbital period. Typical brightness temperatures for the RS CVn radio sources in the present sample He in the range 10 7 -10 10 K (remember here that we have assumed that the source areas are the combined surface areas of both stars in each system). These values are consistent with the temperatures expected for gyrosynchrotron emission by mildly relativistic electrons. An ML fit to the data of the form log Tjy -a b log P orb has a slope b = -1.09 + 0.14, which is similar to that found for the normalized luminosities, as expected (see Fig. 8 ). Stewart et al (1988) claim that, based on their schematic source model, the normalized quantity 0'= L"/P* 2 5 is a more appropriate measure for the radio emission than the standard type of surface flux (or equivalent brightness temperature). Further, they derive from an analysis Fig. 8 .-Plot of log 7}, vs. log P orh for the entire sample, with all symbols and Unes as described in Fig. 4 .
of their data set a dependence of O' -v^x for the peak 8.4 GHz emission as a function of rotation rate of the active star. Our data set for the mean 6 cm emission of our rather larger sample does also show a correlation of O' with v roi , though with a rather smaller slope of 1.8+ 0.3, and a correlation coefficient of 0.49. There is Httle difference between the regressions using O' rather than O = L v /R+ ° (the latter has a slope of 1.6+ 0.3 and a similar correlation coefficient), so that we can neither confirm nor refute the model prediction of Stewart et al (1988) .
We have also investigated whether there is evidence in our data for a correlation of the 6 cm luminosity with the spectral type of the active star, since MM88 did find a significant correlation of L e with B -V oi the active component for the radio-detected stars in their sample. Because of the difficulty in determining this quantity in unresolved, double-lined spectroscopic binaries, we have preferred to use the spectral type rather than a color index as a proxy measure for the effective temperature. We have used a numerical representation of the spectral type in our correlation analysis: ST(F0) =1, ST(G0) = 6, ST(K0) =10, and ST(K5) =15, where full MK spectral type classes are separated by unity. An ML analysis of the usual type (log L 6 = a + b log ST), does indeed yield a statistically significant correlation, with h = 3.3+ 0.9, and a linear correlation coefficient of 0.36, implying that the later the spectral type of the active component, the greater the 6 cm luminosity will be, on the average. This result is, like the correlation of L e with v xoi , probably the consequence of the previously mentioned correlation of L è with R*. Thus, the fact that the RS CVn systems with unevolved components (i.e., with small radii) included in the present survey are of spectral types F and G, while the RS CVn giant systems of larger size are typically of spectral type K, means that there is a correlation between stellar radius and spectral type in this sample of binary stars.
Finally, if we examine the ML correlations of radio emission with orbital and rotational properties for the three separate luminosity class subsets, using Table 5 and Figures 4-8 , Vol. 71 DRAKE, SIMON, AND LINSKY two basic trends are evident: (1) the radio emissions from giants and subgiants do indeed show significant correlations; furthermore, when correlated against the rotational (as opposed to orbital) periods, the slopes of the correlations for these two subsets are identical (to within the uncertainties); (2) the radio emission from the dwarf systems shows either very weak or no correlation. This result, then, would seem to imply that there is a fundamental difference between the RS CVn systems with evolved active components and those with main-sequence active components in the effect of the rotational (or orbital) state of these stars on the degree of radio emission. Interestingly, Simon and Fekel (1987) have found a rather similar dichotomy between main-sequence and giant stars for the dependence of their chromospheric and transition-region emission-line fluxes on period: for the dwarf stars in their sample, they find no significant correlation with period, while for the giant stars they find weak (1.5-3 a) correlations with period for most (but not all) of the emission lines that they examined. One plausible explanation for the lack of any dependence on rotation of the radio emission of the active dwarfs is that, in the shorter period dwarf systems, we are seeing the effects of the "saturation" of activity previously noted for the transition-region fluxes of RS CVn systems by Vilhu and Rucinski (1983) and Simon and Fekel (1987) . (Few of the SP RS CVn systems have been observed or detected as X-ray sources, so that it is not clear whether their coronal emission likewise saturates at the shortest periods.) According to the saturation hypothesis, at some critical rotational period (or equivalent critical velocity) any further increase in the rotation rate produces no additional enhancement of activity (perhaps because the surface of the active star has reached 100% coverage by active regions, or, alternatively, because of some fundamental change in the dynamo mechanism itself which occurs at some critical period).
As already noted, another interesting feature of the correlations of the individual luminosity class subsets is that the slopes of the correlations for the giant and subgiant systems are identical when their radio data are plotted as functions of the rotation rate, but differ by 1.5-2 a when plotted against the orbital period. One possible inference from this trend is that the same physical processes are producing the radio emission in these two subsets, and that it is the rotation rate that determines the level of emission rather than any property of the binary system per se, such as the orbital period. If this supposition is correct (and it is only weakly supported by our present data), one prediction that could be made is that the radio emission from evolved active chromosphere stars that are apparently single and also rapidly rotating (such as those listed in Fekel, Moffett, and Henry 1986) should have functional dependences on their rotation rates similar to those we have found here for the radio emission from the evolved active components in RS CVn binaries. b) Correlation of the Radio Emission with X-Ray and UV Emission X-ray data exist for 78 of the 122 systems in our complete sample, with the majority from the Einstein imaging proportional counter instrument and the remainder from the HEAO 1 and EXOSA T observatories. Most of the X-ray fluxes listed in Table 3 come from Walter etal (1980) and Walter and Bowyer (1981) . Other references listing X-ray fluxes include Garcia etal. (1980), HD 8357; Van Buren, Charles, and Mason (1980), V471 Tau; Stem etal (1981), HD 155638; Caillault (1982) , four systems; Stem and Skumanich (1983), V772 Her; Ambruster, Snyder, and Wood (1984) , HD 8357; Walter (1985) , four systems; and unpublished data that we have requested from the Einstein archives for t) And, 3 Cam, a Equ, and 5 Cet. Of the 78 systems observed at X-ray wavelengths, 71 were detected and seven (mostly HEAO 1 observations) were not; of these 71 X-ray sources, 45 are also radio sources. Because the ML technique used in this paper can handle censored data in only one of the variables in the correlation, we have to exclude the seven systems with X-ray upper limits from any correlation analysis of radio with X-ray fluxes. Notwithstanding this limitation, we still have a large number of systems ( -60% of the complete sample) among which we can look for correlations between the radio and X-ray emission. We have not attempted to do individual regressions for the three subsets of differing luminosity class in the 71 X-ray-detected RS CVn stars, however, since the numbers in each subset would be rather small.
When we perform an ML regression of log L, versus log L x , we find a significant correlation L 6 a 30±o.i3 (Fig.  9a) . The GLSF fit gives a very similar slope of 1.25, with a linear correlation coefficient of 0.80, and so it is evident that the radio and X-ray luminosities of the sample stars are highly correlated. In order to demonstrate that most or all of this correlation was not spuriously introduced by a systematic error in our adopted distance scale, we have also examined the correlation of the distance-independent quantities logiAs/^boO and lo g(^/ L boi) ( Fi g9b )-T* 16 slo P e of die ML fit is 1.37 + 0.12, while the GLSF fit has a slope of 1.23 and a correlation coefficient of 0.84 that is slightly larger than for the unnormalized luminosities. Thus, there is a strong correlation between X-ray and radio continuum emission for the systems in the sample that is independent of the assumed distances. The physical implications of this result are discussed in detail in § V.
We have also compared the radio continuum emission with the strength of the important transition-region emission-line multiplet of C rv at 1550 A, as measured by IUE. We have compiled C rv fluxes for 58 stars in our sample, principally from Simon and Fekel (1987) and Simon, Drake, and Bookbinder (1989) . Forty of these 58 systems were detected as radio sources, with the remaining 18 stars having only upper limits at 6 cm. An ML analysis of log L e versus log L c IV gives a slope of 1.10 + 0.20, while a GLSF calculation gives a rather steeper slope of 1.63, with a correlation coefficient r = 0.66 (Fig. 10a) . Repeating the analysis with the normalized rather than the absolute luminosities, we obtain slopes of 2.18 + 0.27 (ML) and 2.04 (r = 0.76) (GLSF), respectively (Fig. 10b) . Thus, the normalized radio luminosities have a significantly steeper dependence on the normalized C rv luminosities than on the normalized X-ray luminosities., Intercomparison of the ML slopes implies that, if L 6 /L bol is proportional to (L x /L bol ) 14 and also to (L c lv /L bol ) 22 , then this implies that L x /L bol o: (L c lv /L bol ) 1 -6 . This inference that the coronal activity indicator varies more steeply than that of a transition-region line is consistent with results previously Fig. 9a Fig. 9b Fig. 9 .-Plots of (a) log L e vs. log L x and (b) log (L 6 /L bol ) vs. log for a subset of the entire sample for which X-ray luminosities are available. The symbols are as described in Fig. 4 ; the upper dashed line marked G is the GLSF fit to diese data, while die lower solid line marked ML is the usual log-linear ML fit. Note that the two fits have very similar slopes but that the ML fit is, as might be expected, displaced to lower log L e values.
obtained by Ayres, Marstad, and Linsky (1981) v. DISCUSSION a) Predicted Numbers of RS CVn Radio Sources Using the results of this study on the radio properties of RS CVn systems, it is possible to estimate (approximately) how many more RS CVn radio sources remain to be found, and whether they will comprise a significant fraction of the "serendipitous" radio sources discovered in radio surveys. One major uncertainty is due to the rather poorly determined space density of RS CVn systems. Hall (1976) estimated a space density for the classical RS CVn binary systems that are eclipsing of (1-2)X10" 6 pc" 3 . Including noneclipsing systems in this period range, and all of the SP and LP systems, one would expect the number density of all RS CVn systems to be at least 3 times as high, and perhaps as much as an order of magnitude greater. The sample of 122 systems in this paper comprises a significant percentage of the 140 or so known RS CVn systems north of Ô = -45° that are listed in the Strassmeier et al. (1988) catalog. The degree of completeness of this catalog is difficult to estimate, because of the variety of different ways in which RS CVn stars have been identified. If we assume that all RS CVn systems brighter than m 4) = 8.50 have now been discovered in the various Fig. 10. -Plots of (a) log L 6 vs. log L c IV and (6) logiZ^/L^) vs. !og(L c IV /L bol ), for a subset of the entire sample for which C iv X1550 fluxes have been obtained using IUE. Symbols and lines are described in Fig. 9 . Vol. 71 DRAKE, SIMON, AND LINSKY low-dispersion surveys (e.g., Bidelman and MacConnell 1973) , and adopt typical absolute magnitudes of 5.0, 2.5, and 0.5 for SP, classical, and LP systems, respectively, then this would imply that the corresponding completeness distances are 50, 150, and 400 pc, respectively. If the present sample of known RS CVn systems does indeed contain all of them out to these limiting distances, then we can derive a total number density of ~1 XlO -5 pc -3 . To give some idea of the uncertainty in this estimate, we note that MM88 have derived an estimate of the space density of RS CVn stars of ~1 XlO -4 pc -3 that is an order of magnitude larger than our estimate.
We have shown above that the average radio luminosity of the systems in our sample is L 6 = 3 X10 15 ergs s -1 Hz -1 , with little or no dependence on orbital period. If we assume a detection threshold of 0.1 mJy, this implies that the detection limit for an average RS CVn system is -180 pc. The two quoted estimates for the RS CVn space density thus imply a total number of 250-2500 potentially radio-detectable (above the quoted threshold level of 0.1 mJy) RS CVn systems, using the above-mentioned average value for L 6 . In fact, a fairly significant number of systems have much higher radio luminosities than the average: 17 out of 122 systems (14%) have radio luminosities of >8XlO 16 corresponding to >20 times the average level. These "radio-active" RS CVn systems (which presumably include both systems with high quiescent levels of radio emission as well as systems which were flaring when observed) should be detectable to a distance of 800 pc, and assuming that they are confined to within ±150 pc of the Galactic plane, and that they comprise 14% of all RS CVn stars in such a distance-limited sample, they may yield anywhere from 800 to 8000 additional radio sources. Thus, we estimate that ~10 3 -10 4 RS CVn radio sources should be detectable at levels of 0.1 mJy or greater. Since fewer than 100 such sources are presently known, many more remain to be discovered. Most of the as yet undiscovered RS CVn radio sources will correspond to relatively faint optical stars in the range of 8th to 15th magnitude. The number of extragalactic sources with 6 cm fluxes at and above this same flux density limit of 0.1 mJy is very large ( -10 8 ) however, so that the probability that any serendipitously detected radio source is an RS CVn is very small (0.001 %-0.01%). Thus, while the presence of detectable radio emission is strong supporting evidence that a late-type star is an RS CVn system, it is statistically unlikely that many RS CVn stars will be discovered serendipitously in 6 cm VLA fields. This is in contrast to the situation that prevails in medium-sensitivity soft X-ray surveys (e.g., Stocke et al. 1983; Hertz and Grindlay 1984) , where it has been shown that 25%-50% of the serendipitous sources appear to be Galactic stars. Since RS CVn stars are both numerous and have high X-ray luminosities compared with other types of (nondegenerate) stars, it is probable that they comprise a good proportion of these stellar X-ray sources. Thus, such X-ray surveys will be much superior to radio surveys in identifying new RS CVn systems. b) Physical Significance of the Radio/X-Ray Correlation in RS CVn Stars
Perhaps the most interesting finding among the various correlations shown in Table 5 may be that the level of radio continuum emission produced by presumed nonthermal processes is well correlated, L 6 /L bol a (L x /L bol ) 13 , with the level of presumably thermal X-ray emission from the coronae of these RS CVn systems. We have also demonstrated that the radio emission is well correlated, (L 6 /L bol ) oc (L c ÎW /L hà[ ) 21 , with the C iv emission from the transition regions of these binary systems. Given the existence of the radio-X-ray correlation, the fact that there is a correlation between the radio emission and the C iv emission is not unexpected, since previous studies of RS CVn and other active stars have shown that chromospheric, transition-region, and coronal X-ray fluxes are all intercorrelated (e.g., Ayres, Marstad, and Linsky 1981) . The absence of a correlation (in the entire sample of RS CVn stars) of L 6 with orbital or rotational period is also understandable, since it has previously been found that L x for a similar group of RS CVn stars of all luminosity classes is likewise independent of period (e.g., Walter and Bowyer 1981) .
The statistical correlation between L 6 (or L 6 /L bol ) and L x (or L x /L hd[ ) deserves additional comment. The brightness temperatures of ~10 9 K deduced from 6 cm VLBI observations of RS CVn systems , and the observed moderate amounts of circular polarization, have generally been interpreted as due to gyrosynchrotron radiation by mildly relativistic electrons of a few MeV energy spiraling in magnetic fields of 10-100 G (e.g., Dulk 1985; Mutel etal. 1985) . On the other hand, the soft X-rays observed by Einstein and EXOSA T are presumably due to a Maxwellian distribution of electrons at coronal temperatures. Thus, we should explore why the microwave emission is well correlated with the thermal X-ray emission. Stewart and Nelson (1979) and Nelson and Stewart (1979) have shown that, for extended solar bursts, the 3.75-9.4 GHz microwave flux and the 100 keV X-ray flux are produced by the same population of energetic electrons having a power-law energy spectrum with a slope of -4 above 100 keV. Dulk (1985) has noted that, for solar flares, the variations in the solar microwave flux track the variations in the hard X-ray flux even down to time scales of <1 s, and that the hard X-ray emission is probably due to "bremsstrahlung when the fast electrons precipitate into regions of high density" at the footpoints of the same loops from which the microwave emission originates. (Of course, the X-rays observed by Einstein and EXOSAT are much less energetic than this.) A correlation of soft X-ray fluxes with microwave fluxes is also seen in the active Sun, it should be pointed out, both for the slowly varying components and for flares. Donnelly (1982) has demonstrated that there is a fair correlation between the solar "background" X-ray flux f x in the energy range 1.5-12.4 keV as measured by the GOES satellites, and the solar 10.7 cm flux. We have used 586 days of such data, published in Solar Geophysical Data, to determine the slope and significance of this correlation by means of the same GLSF technique which we applied to the RS CVn data. We have fitted the data using a relation of the form log ÔS 107 = a + b log f x , where 8S l01 is the observed 10.7 cm flux in excess of the quiet Sun value, which we have here assumed is 67 SFU (1 SFU = 10 4 Jy). We find a slope Z> = 0.60 and a linear correlation coefficient of 0.91. We show the data and the GLSF fit (solid line) in Figure 11 . We also show as dashed lines in this figure the SLSF regressions, where the minimizations of the scatter of data points have been done in directions parallel to the axes. The slope of these two fits (0.57 and 0.69) are not -Maximum solar 6 cm flux log 8S 6 in excess of a preflare level as a function of the maximum solar soft X-ray flux log f x for 341 solar flares in 1980 for which these data are available. Each coordinate has been normalized by dividing by the maximum value found in this sample (6300 SFU and 0.9 ergs s -1 cm -2 , respectively, for 8S 6 and f x ). The GLSF fit is shown as a solid line, while the fits obtained by minimizing the errors in each axis separately are shown as dashed fines.
significantly different from that of the GLSF value. Note that the best-fit slope is close to the value of 0.67 expected if the X-ray emission is optically thin bremsstrahlung (and hence proportional to the volume of plasma above solar active regions) and the 10.7 cm flux sources are optically thick (and hence the emission is proportional to the area coverage of active regions).
To examine the degree of correlation of soft X-ray and radio emission in solar flares, we have compiled data from the 1980 Solar Maximum Mission Event Listing for 341 flares for which both GOES fluxes and 6 cm fluxes are available, and found the GLSF fit using a relation of the form log 8S e = a + b log f x , where 8S e is the observed 6 cm peak flux in excess of the background level prior to the flare and f x is the peak X-ray flux. We show the data, the GLSF fit, and the SLSF fits in Figure 12 . The best-fit GLSF slope is 1.08, the SLSF slopes are 0.71 and 1.57, and the corresponding linear correlation coefficient is 0.67. The scatter is clearly greater around the best-fit line (and the correlation of less significance) than that for the nonflare data shown in Figure 11 . However, the two quantities are correlated with each other, and the slope of 1.08 is closer to that found for the correlation of the 0.5-4.5 keV and 6 cm fluxes for the RS CVn stars than the slope of 0.60 found for the solar slowly varying emission. It should be noted that solar activity is of a much smaller magnitude than that seen in RS CVn systems, so that all comparisons should be treated with great caution: the strongest solar radio bursts at 6 cm that have ever been observed have S 6~l X 10 3 SFU, which is equivalent to a maximum 6 cm luminosity of 10 12 3 ergs s -1 Hz -1 . This level is only 10 _3 of the average 6 cm luminosity of RS CVn systems with active components of size similar to that of the Sun.
Returning to observations of the coronae of RS CVn systems, Swank et al (1981) have found that their 0.5-4.5 keV spectra obtained by the Einstein solid state spectrometer (SSS) cannot be fitted by a single-temperature plasma, but instead typically require a model with (at least) two plasma components, one with a temperature 10 6 8 K and the other with a temperature 10 7 7 K. The temperature of the hot component is poorly determined, however, and the data may also be consistent with the "hot" component instead being due to a nonthermal distribution of electrons, although no calculations have been made concerning this hypothesis. Similarly, the EXOSAT transmission grating spectrometer observations of RS CVn systems are consistent with a two-temperature plasma, in which the temperature of the hot component is poorly constrained. Table 6 lists our mean 6 cm luminosities L 6 (deleting all observations for which S 6 >20 mJy, indicative of flaring) of those RS CVn systems in common with the systems for which SSS spectra are available (Swank et al 1981) . Included in the table are the mean values for the hot-component temperature (T 2 ), cool-component luminosity (Z^), hot-component luminosity (¿2), and the ratio of the luminosities (L^/L^). Since there are only seven stars in this table, we do not attempt to do any statistical analysis on such a small sample, but point out that, excluding the radio-underluminous a Aur, L 1 varies little while L 2 varies by a factor of 20 and L 6 varies by a factor of 130, which implies that the previously discussed L 6 versus L x correlation found for RS CVn stars may in turn be due to a correlation of L 6 with L 2 , the X-ray luminosity of the hot component of the X-ray-emitting coronae. Such a correlation between the 6 cm radio emission and the hot component of the X-ray emission can be most simply ex-No. 4, 1989 RADIO CONTINUUM EMISSION IN RS CVn STARS 927 where P 0 is the base pressure and s H is the heating deposition scale height. If we adopt 7 , = 5X10 7 K, o^=1.5xl0 12 cm (based on the assumption that the loops fill the volume surrounding the active star so that the 6 cm emission length scale is 3X10 12 cm, as inferred from the VLBI data), and s H = H, the base pressure P 0 is equal to 55 dynes cm -2 . Had we instead taken = 3 X10 12 cm, then P 0 = 50 dynes cm~2. These values of the base pressure are consistent with the magnetic field confining the hot coronal plasma, since B 2 /^ P 0 . Furthermore, the inferred base electron density is 4Xl0 9 cm -3 , which is consistent with the previously inferred mean electron density of 2X10 8 cm -3 for the 6 cm emitting volume that extends over several pressure scale heights. We also call attention to the Serio et al. (1981) result that loops with length J? greater than a few pressure scale heights are unstable, except in the unlikely event that they have a temperature minimum at their top. This instability as well as the interaction of the magnetospheres of the two stars may well trigger the energetic radio and X-ray flares that often occur in such systems (e.g., Simon, Linsky, and Schiffer 1980; Linsky etal. 1989 This is a typical time scale for the nonflaring variability observed in the radio emission from these stars. The frequency corresponding to the maximum flux density is Vak = 475 Hz|-j-J (sm0) O6 r O5 B * 5 GHz (Dulk 1985, eq. [32b] ), which corresponds closely to the present observing wavelength of 6 cm. One test of whether the radio emission is due to gyrosynchrotron emission by thermal rather than nonthermal (power-law) electrons is that S v should decrease as for v>v peaki , rather than S v~v~a , with a = 0.5-5, as predicted for the spectrum produced by powerlaw electrons with N(E) ~ E~8 and 2 ^ < 7. Future observations of RS CVn systems at wavelengths from 1.3 to 20 cm made during nonflare periods should be able to verify our thermal gyrosynchrotron hypothesis. We conclude that the low-level, nonflare 6 cm flux that we have detected from many of the RS CVn systems could be produced by gyrosynchrotron emission from the 5Xl0 7 K plasma that is responsible for the observed high-temperature X-ray component. More accurate measurements of the temperature of the X-ray-emitting plasma, and a more detailed study of the geometry and of the predicted emergent radio spectrum for this model, would be quite useful. Our model, which refers only to the nonflare emission, is similar to that proposed by Linsky and Gary (1983) to explain 6 cm nonflare emission from M dwarf stars. Significant increases in radio emission during flares could result simply from adding a nonthermal tail to the Maxwellian distribution of electron energies, given that 200 G magnetic fields are already present in the coronae of these stars. This latter scenario could also explain the core components of radio emission by Mutel et al (1985) .
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APPENDIX A RS CANUM VENATICORUM SYSTEMS WITH RADIO-OPTICAL POSITIONAL DISCREPANCIES
We discuss herein all systems which have a significant positional difference between the best optical and VLA positions. We define as significant an angular discrepancy > 1", except for the D configuration, where we use 3" as the criterion. For most of the stars, the optical positions are from either the SAO or the AGK 3 Catalog and include proper motion to the epoch of the VLA observation. In general, the errors in these optical positions should be <1". All coordinates given below are in the form of 1950 equatorial coordinates and include (where available) proper-motion corrections to the epoch when they were observed with the VLA.
I. HD 17084 This star lies at a = 2 h 41 m 25!82, Ô = -38°08'2377, according to the SAO Catalog, whereas our A array observation showed a 0.89 mJy radio source located at 2 h 41 m 25 s .70, -38 o 08'2175. Because of the southerly declination of this star, it can only be observed by the VLA at a low elevation. The 276 difference in the positions is almost entirely in the north-south direction, suggesting that the radio position was degraded by differential atmospheric refraction and beam-elongation effects.
II. sz PICTORIS This starhes at a = 5 h 51 m 57!21, 8 = -43 o 34'0474, according to the SAO Catalog, whereas our B/C array observation showed a 0.37 mJy radio source located at 5 h 51 m 57^13, -43°34 / 0177. Because of the southerly declination of this star, it was observed at a low elevation. The 278 difference in the positions is almost entirely in the north-south direction, suggesting that the radio position was degraded by differential atmospheric refraction and beam-elongation effects.
III. UX COMAE BERENICES
For this star the best optical position that we could find is from the General Catalog of Variable Stars (Kholopov 1985 . Positions given in the GCVS are not expected to be of high accuracy, and no information on proper motion is available. They are probably accurate to about 15" in general, although low-proper-motion objects may have more accurate positions. The GCVS position for UX Com is a = 12 h 59 m 08 s , 8 = 28°53i8, whereas our B/C array observation showed a 1.08 mJy radio source located at 12 h 59 m 08 s .9, 28°54 , 02", 18" away from the nominal stellar position. We believe that this source is UX Com, and that the radio position is thus the best position available for this star. The chances that the radio source is an unrelated background source are quite small; the a priori probability of finding a 1 mJy 6 cm source this close to a preselected direction in the sky is of order 1%.
IV. WMONOCEROTIS
For this star the best optical position that we could find is that listed in the GCVS: a = 7 h 00 m 5T.5, 8 = -05°39!6, whereas our A array observation showed a 1.59 mJy radio source located at 7 h 00 m 50!97, -05°39 / 4778, 14 arcsecs away from the nominal stellar position. We believe that this source is W Mon, and that the radio position is thus the best position available for this system. The chances that the radio source is an unrelated background source are very small, and can probably be ruled out.
v. ss Boons
For this star the best optical position that we could find is that listed in the GCVS: a = 15 h ll m 39 s , 8 = 38°45T3", whereas our A array observation showed a 0.22 mJy radio source located at 15 h ll m 39T5, 38°45T5'.'5, or 276 away from the nominal stellar position. We believe that this source is SS Boo and that the radio position is thus the best position presently available for this system. The chances that the radio source is an unrelated background source are very small, even though it is quite weak, because of the relatively small positional discrepancy; the a priori probability of finding a 6 cm source of this strength so close to a preselected direction in the sky is of order 0.1%, while the probability that the observed radio peak is not a real source but simply a random 3.5 a noise peak is of the same order of magnitude. Thus, we believe that our observation represents a probable detection of SS Boo as a 6 cm radio source.
VI. AW HERCULIS
For this star we have high-quality radio and optical positions, and yet there is a surprisingly large discrepancy of 177. The AGK 3 position of this star is a = 18 h 23 m 26^75, 5 =18°15'5272, while our A array observations yielded a radio position of 18 h 23 m 26^85, 18°15 / 5370 for the 0.86 mJy radio source. The source is of high significance and thus the radio position should be very accurate. There seems little reason to doubt that the radio and optical objects are physically associated. It is possible that the position of the phase calibrator used to calibrate the AW Her observation may be in error by l"-2" from its true value, or, alternatively, that the AGK 3 proper motion used to calculate the present-day optical position may be inaccurate.
VII. FF AQUARII
This star lies at a = 21 h 58 m 00!96, 8 = -02°58'5278, according to the SAO Catalog, whereas our A array observation showed a 0.34 mJy radio source located at 21 h 58 m OO!88, -02°58'5373, 173 away from the optical position. Most of the discrepancy lies in the right ascension direction, which is also the coordinate of greatest proper motion (0.27 s century -1 ). With two independent radio detection of this source, there is no doubt it is a real source, and there is little reason to doubt its association with the optical binary. Although there are a number of possible explanations for the positional difference, we suspect the proper motion in right ascension in the SAO Catalog is overestimated.
VIII. HD 106225
This star lies at a = 12 h 10 m 46!35, 8 = -08 o 48'0574, according to the SAO Catalog, whereas our A array observation showed a 1.34 mJy radio source located at 12 h 10 m 46^40, -08°48 / 0672, or 171 away from the optical position. The SAO and radio positions are in decent agreement, and the source is strong enough that we have high confidence that the radio source is associated with HD 106225.
APPENDIX B RS CANUM VENATICORUM SYSTEMS WITH NEARBY CONFUSING RADIO SOURCES
This appendix gives some information about RS CVn systems which have nearby ( <4'), significant ( >2 mJy) radio sources that were discovered in their fields during the mapping process. Since some of the sources were observed in the A array, and the maps constructed in this configuration were only -TXT, the data presented in Table 7 pertain mostly to systems observed in C or D arrays. We present this information so that single-dish observations can be examined for contamination by such serendipitous sources, and for use by astrometrists trying to tie together the optical and radio reference frames, who may be interested in finding extragalactic radio sources in close proximity to known stellar radio sources. a The integrated fluxes are listed for these two serendipitous sources.
We also include some information on confusing sources not only for the RS CVn systems listed in Table 2 , but also for those discussed in DSL86. This is not intended as a complete survey of all of our targets, so that the 17 cases of confusion listed below should be considered a lower limit on the actual number of RS CVn stars with nearby, possibly confusing radio sources. The Usted flux of the serendipitous source is usually the peak flux in mJy. A significant number of these sources are extended and will thus have larger integrated fluxes. We have made no attempt to correct the quoted peak fluxes for beamwidth or bandwidth smearing effects, both of which would tend to decrease the measured peak flux compared with the true flux. Thus, the Usted fluxes represent lower limits to the actual fluxes of these serendipitous sources. Table 7 Usts, for each RS CVn system, its nominal position in 1950 equatorial coordinates, the peak flux of the serendipitous source and its position, and, finaUy, the angular separation As between the star and the serendipitous source. As can be seen from the table, there are few examples of confusing sources with As <r but many examples of coincidences with As ~T-5'. The most serious cases of confusion are those of UU Psc, 3 Cam, HD 166181, V350 Lac, HR 4430, and HR 7428. Therefore, any single-dish detections of these systems should be viewed with some caution (e.g., the Spangler, Owen, and Hulse 1977 "detection" of UU Psc).
